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ABSTRACT 


\ 

'•>  This  study  was  undertaken  to  determine  the  impact  and 
savings  to  accrue  from  maximum  commitment  to  longer  C-5 
missions  (perhaps  15-17  hours)  using  inflight  refueling. 
This  was  accomplished  by  reviewing  maintenance  writeup 
data  for  shorter  flights  versus  longer  flights.  Tradi- 
tional logistics  forecasting  techniques  are  based  on  the 
number  of  flying  hours.  Therefore,  a change  in  sortie 
length  would  not  be  expected  to  impact  on  logistics 
requirements  unless  the  overall  number  of  flying  hours 
changed.  An  examination  of  this  relationship  was  under- 
taken in  this  study.  It  was  found  that  the  occurrence 
of  a sortie  tends  to  result  in  a given  number  of  mainte- 
nance writeups  regardless  of  the  length  of  the  sortie. 
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PREFACE 


This  is  one  of  several  studies  to  evaluate  the  logistics 
impact  of  changing  the  length  of  sorties.  This  study, 
based  on  the  C-5  aircraft,  is  an  extension  of  a previous 
study  on  the  logistics  impact  of  changing  the  sortie  length 
on  F-4  aircraft  (see  Ref.  "5)  . It  attempts  to  identify 
those  systems  for  which  maintenance  is  impacted  on  by  the 
number  of  sorties  flown  instead  of/or  in  addition  to  the 
number  of  hours  flown. 
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SUMMARY 


This  study  has  resulted  in  several  observations  and  conclu- 
sions. Those  observations  and  conclusions  of  this  C-5A  air- 
craft study  which  relate  to  length  of  sortie  as  opposed  to 
type  of  sortie  appear  to  be  valid  uniformly  for  all  aircraft. 
This  position  is  generally  supported  by  the  reports  listed  in 

I 

j the  bibliography  of  this  study.  Most,  if  not  all  of  the 

! referenced  reports,  infer  that  the  traditional  approach  of 

I forecasting  logistics  support  based  on  flying  hours  is  subject 

j to  considerable  error.  While  unanimous  agreement  as  to  the 

I "ideal"  forecasting  model  does  not  exist,  most  knowledgeable 

! authors  conclude  that  the  number  of  sorties  and  the  type  of 

sorties  flown  has  an  impact  on  logistics  support. 

The  following  observations  are  made: 

a.  Maintenance  does  not  appear  to  be  flying  hour  depend- 
ent. The  number  of  maintenance  write-ups  per  flying  hour 
decreases  monotonically  as  flight  length  increases. 

b.  The  occurrence  of  a sortie  tends  to  result  in  a given 
number  of  maintenance  write-ups  regardless  of  the  length  of  the 
sortie. 
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c.  Although  the  distribution  ot  maintenance  write-ups 
among  the  aircraft  systems  is  not  the  same  for  all  lengths 
of  flight,  no  trend  (either  increasing  or  decreasing)  is 
apparent  as  sortie  length  is  increased. 

d.  Although  previous  similar  studies  (see  bibliography) 
on  a variety  of  aircraft  types  conclude  that  the  type  of 
mission  flown  has  an  impact  on  the  logistics  support 
required,  this  study  was  not  able  to  confirm  that  conclu- 
sion. Most  C-5  flights  are  cargo  hauling  missions  and  hence 
multiple  "mission  codes"  were  not  available  for  analysis. 
With  the  data  used  in  this  study,  tlie  sorties  with  "blank" 
mission  code  or  mission  code  other  than  "cargo  haul  inn"  were 
concluded  to  exhibit  the  same  maintenance  write-up  rate  as 
the  cargo  hauling  sorties.  This  is  to  be  expected  since 
the  r-S  is  a transport  aircraft  and  a variety  of  maneuvers 
is  not  flown  from  sortie  to  sortie. 

e.  This  study  was  unable  to  relate  maintenance  write- 
ups to  actual  demands  on  the  wholesale  logistics  system. 

This  is  not  a unique  problem  peculiar  to  this  study  or  the 
C-!>  aircraft.  Maintenance  write-ups  are  a standard  data 
item  and  may  result  in  three  conditions:  (1)  labor  being 
expended  with  no  supplies  expenditure  (adjusting,  calibra- 
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ttnq,  cleaninq,  etc.),  (2)  labor  and  supplies  expenditure 
aqainst  the  base  stocks  (3)  labor  and  supplies  requests 
against  the  wholesale  logistics  system.  No  data  system  was 
found  which  would  track  the  maintenance  write-ups  to  actual 
demands  on  the  wholesale  logistics  system.  However,  even 
though  maintenance  writeups  were  used  instead  of  actual 
demands  on  the  wholesale  logistics  system,  it  is  felt  that 
all  findings  of  this  study  are  valid  and  meaningful  at  least 
on  an  order  of  magnitude  if  not  on  a finite  quantitative 
basis. 
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I. 


INTRODUCTION 


This  project  was  initiated  by  a letter  from  HQ  USAF/LG, 

8 March  1976,  to  HQ  MAC/LG  and  HQ  AFLC/LO.  Within  AFLC, 
the  project  was  assigned  to  LOAC  who,  with  the  assistance 
of  LOR,  completed  an  initial  review.  In  July  1976  it  was 
determined  that  sufficient  data  was  not  readily  available 
for  a quick  answer.  Since  HQ  APLC/XR  had  a similar  study 
already  underway  to  evaluate  shorter  sorties  on  the  F-4 
for  TAC  (See  Ref.  9) , X»  became  the  OPR  for  this  study. 

This  study  was  undertaken  to  determine  the  logistics  impact 
and  savings  that  would  accrue  from  maximum  commitment  to 
longer  C-5  missions  (perhaps  15-17  hours)  using  in-flight 
refueling.  Since  traditional  logistics  forecasting  tech- 
niques are  based  on  the  number  of  flying  hours,  a change 
of  sortie  length  would  not  be  expected  to  impact  on  logis- 
tics requirements  unless  the  overall  number  of  flying  hours 
changed.  An  examination  of  this  relationship  was  undertaken 
in  this  study. 


1 


jr 


II.  DISCUSSION 


A literature  search  was  conducted  through  the  Defense  j 

Documentation  Center  (DDC)  and  the  Defense  Logistics 

Studies  Information  Exchange  (DLSIE) . Although  several 

studies  hinted  that  a relationship  exists  between  sortie 

length  and  maintenance  rate,  no  substantive  data  was 

presented.  In  addition  to  the  DDC  and  DLSIE  literature 

searches,  contact  was  made  with  Douglas  Aircraft  Company 

and  with  Boeing  Company.  Information  received  from 

those  sources  was  quite  valuable. 

a.  Boeing  report  #D162-10015-1 , "B-52D  Operations  - 
Southeast  Asia  vs  CONUS, “ concluded  that  after  four  hours 
of  a twelve  hour  mission,  50%  of  the  failure  and  47%  of 
the  abort  causing  conditions  have  occurred.  At  eight  hours 
the  percentages  are  80%  and  93%,  respectively.  The  data 
used  in  this  current  C-5  study  did  not  permit  identifying 
maintenance  »frite-ups  with  the  portion  of  the  flight  at 
which  the  condition  occurred.  However,  as  will  be  discussed 
later  in  this  report,  this  study  concludes  that  longer 
flights  do  not  result  in  any  more  maintenance  write-ups  than 
short  flights. 
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b.  Doutilas  Aircraft  Conpany  IMDA  75-055,  "Initial 
Maintenance  Cost  Prediction  Method,"  contains  a table  which 
shows  the  chance  in  maintenance  cost  as  the  lenqth  of 
fliqhts  chances.  The  Oouqlas  report  did  not  contain  sup- 
portiv<!  information  and  efforts  to  obtain  additional 
information  from  Douqlas  Aircraft  Company  were  unproduc- 
tive. The  contact  point  at  Douqlas  Aircraft  Company  stated 
that  the  company  had  invested  over  three  years  on  an 
in-house  study  and  was  reluctant  to  disseminate  the  inf^- 
mation  to  outside  orqanizations . 

Althouqh  the  Doeinq  and  Douqlas  reports  do  not  apply 
specifically  to  the  C-5  aircraft,  they  are  felt  to  be  valu- 
able backqround  information.  Review  of  the  biblioqraphy 
will  show  that  many  reports  have  been  written  over  the 
past  10  or  more  years  relative  to  forecasting  and/or 
evaluatinq  the  maintenance  aspects  of  various  aircraft. 
Those  reports  resulted  in  recommendations  for  several  data 
collection  improvements  to  permit  relatinq  maintenance 
data  to  specific  sorties  and  missions.  They  observed  that 
a major  obstacle  to  routinely  analyzinq  aircraft  malfunc- 
tion and  maintenance  data  was  the  absence  of  a method  for 
relatinq  sortie  information  to  maintenance  records. 
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In  reviewing  possible  data  bases  for  use  in  this  study, 
it  was  determined  that  the  Maintenance  Analysis  Detection 
and  Reporting  System  (MADARS)  would  be  the  best  data  source 


for  the  C-5  aircraft.  Data  was  requested  from  the  MADARS 
system  at  OC-ALC.  This  system  provided  flying  hour  and 
maintenance  data  for  each  aircraft  on  an  individual  sortie 
basis.  The  data  was  grouped  by  sortie  length  and  the  main- 
tenance rates  were  calculated  for  each  major  system  of  the 
aircraft.  Maintenance  rates  were  then  compared  to  deter- 
mine whether  sortie  length  affected  maintenance  rate. 

That  is,  is  the  maintenance  rate  for  five  two  hour  flights 
and  the  maintenance  rate  for  one  ten  hour  flight  equal 
or  is  there  an  effect  caused  by  the  fact  that  the  five  two 
hour  flights  result  in  four  additional  takeoffs  and  land- 
ings (high  stress  conditions)  as  well  as  four  additional 
cJf'c^s  "on*  and  "off"  of  all  electrical  and  electronic 
equipmsmt? 


Review  of  flying  hour  data  revealed  that  on  a given  day,  an 
aircraft  might  fly  0-20  hours  and  make  up  to  43  landings 
and  still  be  classified  a3|^  flying  "one  sortie."  The 
distributions  of  landings/aojjtie  and  flying  hours/sortie 
are  shown  in  Tables  1 and  2.  Those  distributions  represent 
9001  sorties  flown  July  1975  - September  1976  inclusive. 
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Landinqs/Sortie 


July  1975  - September  1976 


Landings 

% 

Cum  % 

1 

58.  5 

58.5 

2 

12.5 

71.0 

3 

2.5 

73.5 

4 

1.4 

74.9 

5 

1.2 

76.1 

6 

1.2 

77.3 

7 

1.  3 

78.6 

8 

1.5 

80.1 

9 

1.8 

81.9 

10 

2.4 

84.3 

11-15 

11.1 

95.4 

16-20 

2.1 

97.5 

21-25 

1.5 

99.0 

26-30 

0.7 

99.7 

31  + 

0.3 

100.0 

5 

TA6LE  1 

r 


Flying  Hours/Sortie  July  1975  - September  1976 


Flight  Length  (Hrs) 


Cum  % 


Since  sorties  consisting  of  a single  landing  comprise  a 
significant  portion  of  all  C-5  sorties,  namely  58.5%  a 
decision  was  made  to  restrict  the  data  used  in  this  study 
to  those  sorties  having  a single  landing.  That  decision 
permitted  the  evaluation  of  sorties  (cycles)  as  a predic- 
tive variable  while  eliminating  "noise"  that  could  result 
from  attempting  to  differentiate  among  "landings"  versus 
"full  stop  landings"  versus  "landing  gear  cycles"  versus 
"engine  cycles,"  etc. 
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III.  prcx:edure 


This  study  examined  data  for  the  entire  C~5  fleet  since 
only  77  aircraft  are  involved.  A special  program  was 
developed  by  Oklahoma  City  ALC  personnel  to  extract  fly- 
ing hour  data  and  maintenance  data  from  the  MADARS  system 
for  the  period  August  1976  - December  1976.  As  stated 
previously,  "sorties"  which  consisted  of  multiple  landings 
were  excluded  from  consideration  for  this  study.  Also 
excluded  from  consideration  in  this  study  was  any  impact 
on  the  tankers  that  might  be  used  for  refueling  the  C-5 
aircraft  to  accomplish  longer  length  sorties. 

The  data  extracted  from  the  MADARS  system  consisted  of 
all  single  landing  sorties  flown  by  each  C-5  aircraft 
during  the  period  August  1976  - December  1976.  It  con- 
tained the  flight  length  and  maintenance  writeups  that 
resulted  from  each  flight,  by  aircraft  serial  number. 
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The  data  was  arrayed  in  two  hour  flight  length  segments 
for  0-14  hour  flights.  Flight  lengths  exceeding  14 
hours  were  excluded  since  too  little  data  was  available 
for  valid  analysis.  A summary  of  the  data  is  shown  in 
appendix  1.  An  explanation  of  the  work  unit  codes  (WUC) 
is  contained  in  Appendix  2. 

As  stated  above,  the  maintenance  data  used  in  this  study 
were  the  maintenance  writeups  that  resulted  from  each 
sinnle  landing  sortie.  Maintenance  writeups  do  not 
necessarily  result  in  demands  (requisitions)  on  the  whole- 
sale supply  system.  Ideally,  the  maintenance  data  desired 
is  the  number  of  demands  on  the  supply  system  which  result 
from  sorties  of  various  length.  Unfortunately,  this  link 
was  not  possible.  Certainly  data  exists  renarding  the 
number  of  demands  made  against  any  specific  federal  stock 
numbered  item.  However,  it  is  not  possible,  with  the  data 
used  in  this  study,  to  track  that  demand  back  to  a specific 
sortie.  Such  a link  probably  cannot  be  made  without  devel- 
oping a new  data  system  specifically  for  that  purpose, 
efforts  are  being  made  to  determine  that  relationship.  It 
is  felt;  however,  that  regardless  of  the  exact  correlation 
between  "maintenance  writeups"  and  "demands",  the  conclusions 
drawn  from  this  study  relative  to  the  effect  of  sorties,  fly- 
ing hours,  mission  type,  critical  systems,  etc.  are  valid  and 
meaningful.  At  worst,  the  conclusions  would  show  only  an 
order  of  magnitude  as  opposed  to  a finite  quantitative  value. 
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IV.  HYPOTHESES 


Three  hypotheses  were  tested: 

- Maintenance  rate  is  dependent  on  the  length  of 
the  flight.  That  is,  maintenance  rate  is  a function  of 
flying  hours  and  is  not  affected  by  engine  startup,  take- 
offs, landings,  equipment  cycles  on  and  off,  etc. 

H^  - if  is  false  in  the  sense  that  a greater  mainte- 
nance rate  occurs  on  short  flights,  then  the  distribution 
of  maintenance  writeups  which  occur  on  short  flights  is 
the  same  as  the  distribution  for  writeups  which  occur  on 
longer  flights.  That  is,  each  work  unit  code  (WUC)  accounts 
for  the  same  percentage  of  writeups  regardless  of  the  length 
of  the  flight. 

Hj  - The  type  of  mission  flown  (mission  code)  has  an 
effect  on  the  number  of  maintenance  writeups.  That  is,  some 
types  of  missions  are  more  demanding  on  the  various  aircraft 
systems  than  other  mission  types  are. 


10 


Hypothesis  #1  (maintenance  rate  is  flyinq  hour  dependent) 
was  evaluated  by  analyzing  the  number  of  maintenance  write- 
ups per  flyinq  hour  and  the  number  of  maintenance  writeups 
per  sortie  for  each  flight  length  (in  two  hour  groupings). 

If  maintenance  rate  is  flyinq  hour  related,  the  number  of 
maintenance  writeups  per  flyinq  hour  would  be  the  same 
regardless  of  the  sortie  length.  As  shown  by  the  last  six 
columns  of  Appendix  1,  the  number  of  maintenance  writeups 
per  flyinq  hour  decreases  monotonically  with  increased 
sortie  length.  Those  same  six  columns  of  Appendix  1 also 
show  that  the  number  of  maintenance  writeups  per  sortie  is 
not  monotonically  increasing  or  decreasing,  but  remains 
basically  constant  regardless  of  the  length  of  the  sortie. 
That  data  is  presented  in  summary  form  for  all  wor)t  unit 
codes  (WUC)  and  with  WUC  01-09  excluded.  WUC  01-09  are 
"ground  support"  actions  while  the  remaining  WUCs  are 
"aircraft  systems"  related  (see  Appendix  2) . The  data  was 
analyzed  in  those  two  groupings  since  certain  maintenance 
writeups  (WUC  01-09,  refueling,  aircraft  cleaning,  inspec- 
tion, etc.)  are  related  to  the  fact  that  a sortie  occurred 
and  are  independent  of  the  type  or  length  of  mission  flown. 
Review  of  the  two  groups  of  data  will  show  that  the  con- 
clusions relative  to  the  maintenance  writeup  rate  per  flying 
hour  and  per  sortie  are  the  same  regardless  of  which  WUC 
grouping  is  used.  Only  the  quantitative  value  of  the  mainte- 
nance writeup  rate  changes,  the  overall  pattern  does  not. 

This  relationship  is  further  shown  in  figures  1 throuch  4. 
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Figures  1 and  3 present  data  for  all  WUC;  figures  2 and  4 
present  data  with  WUC  01-09  excluded.  Data  is  plotted  for 
each  month  August-December  1976  and  for  each  two  hour  flight 

length  grouping  from  0-14  hours.  Figures  1 and  2 show  a I 

i 

definite  curve  with  relatively  little  scatter  of  data. 

Figures  3 and  4,  however,  display  considerable  scatter  in 
the  data  with  no  discernable  pattern.  Even  with  the  severe 
scatter,  it  is  obvious  that  neither  a monotonically  in- 
creasing nor  a monotonically  decreasing  relationship  exists. 

Using  the  average  value  for  each  flight  length  group,  the 
best  curve  fit  is  a strainhtline  of  constant  value. 

Hypothesis  #2  (each  WUC  accounts  for  the  same  percentage 
of  writeups  regardless  of  the  length  of  the  flight)  was 
evaluated  by  tabulating  the  percentage  of  sorties  within 
each  flight  length  grouping  and  comparing  those  percentages 
with  the  percent  of  maintenance  writeups  which  fell  within 
each  grouping.  That  tabulation  is  shown  in  table  3.  This 
is  anothe’"  way  of  showing  what  was  presented  in  the  previous 
section,  namely  that  the  rate  of  maintenance  writeups  per 
sortie  is  relatively  uniform  over  all  sortie  lengths. 

Table  4 lists  the  "ground  support"  (WUC  01-09)  maintenance 
writeups  and  the  fifteen  aircraft  systems  with  the  most 
writeups.  A tabulation  was  made  of  what  percent  of  writeups 
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SORTIES 

AND  MAINTENANCE 

WRITE-UPS 

AUG  76-DEC 

76 

FLIGHT 

SORTIES 

MAINT 

WRITE-UPS 

MAINT 

WRITE-UPS 

LENGTH 

(All  1 

Work  Unit 

(Excluding  WUC-01 

Codes 

"WUC") 

09) 

(Hrs) 

No. 

% 

No. 

% 

No. 

0-2 

230 

11.8 

2691 

12.7 

1947 

11.9 

2-4 

370 

19.0 

2585 

12.2 

1859 

11.4 

4-6 

457 

23.4 

5613 

26.4 

4704 

28.8 

6-8 

348 

17.8 

2603 

12.3 

2063 

12.7 

8-10 

447 

22.9 

6975 

32.9 

5122 

31.4 

10-12 

77 

3.9 

680 

3.2 

537 

3.3 

12-14 

22 

1.1 

79 

0.4 

75 

0.5 
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TABLE  3 
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MAINTENANCE  WRITE-UPS  AUG  76-DEC  76 


FLIGHT  LENGTH  (HOURS) 


wuc 

0-2 

2-4 

4-6 

6-8 

8-10 

10-12 

Total 

% 

% 

% 

% 

% 

% 

% 

01-09 

27.5 

28.2 

16.2 

20.8 

26.6 

21.1 

23.3 

11 

13.2 

13.9 

14.8 

13.8 

15.7 

17.5 

14.7 

23 

8.4 

8.3 

8.2 

7.3 

7.3 

7.6 

7.8 

13 

7.8 

6.4 

7.9 

10.8 

6.0 

3.8 

7.3 

72 

4.6 

5.8 

7.5 

5.6 

6.3 

7.9 

6.3 

55 

6.0 

5.1 

7.9 

5.0 

5.2 

7.1 

6.0 

41 

3.3 

4.1 

4.1 

3.1 

4.1 

5.1 

3.9 

51 

2.7 

3.2 

4.2 

2.7 

3.7 

3.2 

3.5 

12 

2.8 

3.2 

3.6 

2.7 

3.2 

3.1 

3.2 

44 

2.9 

2.4 

3.4 

3.9 

3.0 

4.0 

3.2 
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TABLE  4 


each  WUC  accounted  for  within  each  flight  length  as  well  as 
overall  for  the  composite  of  all  flights.  Review  of  table  4 
indicates  that  no  trend  is  apparent,  either  increasing  or 
decreasing,  as  flight  length  changes.  The  question  is;  Does 
the  distribution  of  writeups,  by  WUC,  vary  significantly  for 
different  length  flights?  A test  of  independence  was  carrieci 
out  using  a contingency  table.  Table  5 classifies  maintenancre 
writeups  (actual  and  expected)  by  WUC  and  flight  length.  To 
obtain  the  theoretical  frequencies  (based  on  tt;e  assumption 
of  independence)  , we  apply  the  marginal  percentages  for  ttie 
composite  of  all  flight  lengths  to  the  totals  for  each  flight 
length.  Thus  the  expected  frequency  for  WUC  11  for  flight 

I 

fij  is  the  frequency  of  row  i,  column  j that  would  be  ex- 
pected based  on  the  hypothesis  of  independence.  That 
calculation  is  carried  out  in  table  6.  The  value  of  the 

summation  is  481.70.  We  compare  this  result  with  the^^^O.OS 
point  for  the  proper  value  of  n.  This  sets  the  ris)<  of 

rejecting  the  hypothesis  when  it  is  true  at  0.05.  In  this 

test,  n = (number  of  rows  - 1)  (number  of  columns  - 1);  or 

(12-1)  (6-1)  ■»  55.  Most^  tables  do  not  contain  values 


length  0-2  hours  is  ^ 2691  = 196,  etc.  To  test  tlie 

hypothesis  of  independence  for  table  5,  we  compute 

where  Fij  is  the  actual  frequency  of  row  i,  column  j ^ 


for  n 30.  For  larger  values  of  n the  formula;  « = 


used  where  8 is  the  value  of  a variable 


measured  from  its  mean  and  expressed  in  standard  deviation 
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FLIGHT  LENGTH  (HRS) 
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from  the  sum  of  the  "actual  value"  rows  and  columns 


MC  3408/sms/10  Mar  77 


1 

fij 


wuc 

0-2 

2-4 

4-6 

6-8 

8-10 

10-14 

TOTAL 

01-09 

23.08 

26.93 

118.11 

6.58 

34.76 

4.78 

214.24 

11 

4.45 

1.05 

.04 

1.50 

4.91 

.57 

12.52 

23 

1.22 

.71 

.91 

.71 

2.65 

.15 

6.  35 

13 

.99 

3.05 

2.82 

42.63 

15.88 

9.62 

74.99 

72 

12.99 

1.04 

12.31 

1.76 

.01 

3.00 

31.11 

55 

0 

3.41 

32.09 

4.33 

8.31 

2.63 

50.77 

41 

2.42 

.25 

.37 

4.32 

.36 

5.63 

13.35 

51 

5.15 

.70 

7.72 

4.40 

.69 

.15 

18.81 

12 

1.39 

.01 

2.67 

2.01 

.07 

1.04 

7.19 

44 

.57 

4.40 

1.61 

4.35 

1.01 

1 . 04 

12.98 

45 

1.69 

2.78 

.20 

8.89 

4.39 

.17 

18.12 

OTHER 

.76 

1.06 

4.79 

8.07 

6.56 

.03 

21 . 27 

TOTAL 

54.71 

45.39 

183.64 

89.55 

79.60 

28.81 

481 .70 
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TABLE  6 


units . 


The  0 value  corresponding  to  a 0,05  risk  is  1.65. 
Substituting  this  value  in  the  formula  gives  a value  of 
approximately  73.  Since  481.70  is  greater  than  73  we  con- 
clude that  there  is  a difference  in  the  distribution  of 
maintenance  writeups  among  flight  length  groupings.  In- 
deed, the  difference  is  so  great  that  we  would  have  rejected 

the  hypothesis  of  independence  at  the  0.001  level  of  signi- 

2 

ficance,  since  the  0.001  point  of  the distribution  for 
n = 55  is  approximately  90.  However,  as  stated  above,  no 
trend  (either  increasing  or  decreasing)  is  apparent  as 
flight  length  changes. 

Hypothesis  #3  (some  types  of  missions  are  more  demanding 
on  aircraft  systems  than  other  missions)  was  not  included 
in  the  initial  definition  of  this  study.  It  was  added  only 
after  a similar  study  on  the  F-4  aircraft  concluded  that  mission 
code  was  a significant  determinant  of  maintenance  writeups. 

(See  Ref.  9)  Therefore,  the  August-October  1976  data  extracted 
for  this  study  did  not  contain  a mission  code  designation.  The 
addition  of  mission  code  was  included  in  the  data  extracted  in 
November  1976  and  December  1976.  Those  two  months  of  data 
were  analyzed  for  mission  code  impact  with  the  following  results: 
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a.  Of  401  sorties  in  November  1976;  270  sorties  had 
a blank  mission  code,  92  sorties  had  an  "MI"  mission  code 
(scheduled  transport  missions  in  which  the  primary  objective 
is  the  movement  of  cargo.  Ref:  APR  60-1,  atch  2,  2 Jan  75), 
and  39  sorties  contained  mission  codes  other  than  "MI". 

b.  Of  the  363  sorties  in  December  1976;  199  sorties 
had  a blank  mission  code,  140  sorties  had  an  "MI"  mission 
code,  and  24  sorties  contained  mission  codes  other  than  "MI". 

c.  The  data  for  November  1976  and  for  December  1976 
were  each  tested  using  the  Aspin-Welch  t test  (See  Ref.  10) 

to  determine  whether  there  was  a significant  difference  in  the 
maintenance  writeups  per  sortie  between  "blank"  mission  code 
sorties,  "MI"  mission  code  sorties  and  the  universe  of  all 
mission  codes.  The  Aspin-Welch  procedure  is  used  to  test  the 
difference  between  two  simple  means  when  ^ and  are  un- 
known and  may  not  be  equal.  In  all  cases  tested,  for  both 
November  and  December,  it  was  concluded  that  the  samples  came 
from  the  same  universe;  that  is,  "blank"  mission  code  and  "Ml" 
mission  code  have  the  same  maintenance  writeup  rate  per 
sortie  as  the  universe  of  all  mission  codes.  Appendices  3 
and  4 show  the  data  and  the  statistical  test  for  November  and 
December  respectively. 
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V.  REGRESSION  ANALYSIS 

A regression  analysis  was  made  using  data  from  August  1976  - 
December  1976.  Seven  data  points  were  used  for  each  of  the 
five  months.  The  data  points  for  each  month  correspond  to 
the  flight  length  groupings  used  throughout  the  study.  The 
results  of  the  regression  analysis  are  shown  in  Appendix  5. 
An  analysis  was  conducted  for  the  total  maintenance  write- 
ups observed,  all  WUC  except  01-09,  and  the  10  aircraft 
systems  having  the  largest  number  of  maintenance  writeups. 
Review  of  Appendix  5 brings  out  the  following: 

a.  The  coefficiency  of  determination  was  always  in  the 
50-70%  range.  Hence,  it  is  estimated  that  flying  hours 
and  sorties  jointly  account  for  50-70%  of  the  variance  in 
the  number  of  maintenance  write-ups.  This  is  neither  an 
extremely  strong  nor  extremely  weak  relationship  for  fore- 
casting maintenance  write-ups. 

b.  The  standard  error  of  the  estimate  ( ) is  relative- 
ly high  in  all  cases  tabulated.  This  means  that  the  fore- 
cast values  will  vary  considerably  from  the  actual  values 
of  maintenance  write-ups.  This  substantiates  the  statement 
in  paragraph  a above  that  the  regression  fit  is  not  an 
exceptionally  good  one. 


J 
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c.  In  addition  to  the  repression  runs  of  flyinq  hours 
and  sorties  jointly  as  a predictor  of  maintenance  writeups, 
two  additional  sets  of  runs  were  made.  Flyinq  hours  alone 


were  evaluated  as  a predictor  of  maintenance  writeups  and 
sorties  alone  were  evaluated  as  a predictor  of  maintenance 
writeups.  Comparison  of  the  joint  runs  and  the  two  individ- 
ual runs  shows  that  in  all  twelve  cases  the  for  the  joint 
run  is  hiqher  than  either  of  the  R^s  for  the  individual  runs. 

Additionally,  review  of  appendix  5 shows  that  for  10  of  the 

2 

12  qroups  of  WIlCs  evaluated,  the  R for  sortie  was  larqer 
2 

than  the  R for  flyinq  hours,  althouqh  the  difference  between 
the  two  was  relatively  small  in  some  cases.  This  indicates 
that  sorties  are  a slightly  better  predictor  of  maintenance 
writeups  than  flyinq  hours  are.  Adding  the  second  variable 
in  the  regression  run  of  the  joint  effect  of  flying  hours 
and  sortie  increases  the  R value  about  10%. 
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VI.  CONCLUSIONS 

1.  The  number  of  maintenance  vnriteupa  per  flying  hour 
decreases  monotonically  as  flight  length  increases. 

2.  The  number  of  maintenance  writeups  p>er  sortie  remains 
const^mt  regardless  of  flight  length. 

3.  The  distribution  of  maintenance  writeups  which  occur 
on  short  flights  is  not  the  same  as  for  writeups  which 
occur  on  longer  flights.  That  is,  each  work  unit  code 
does  not  account  for  the  same  percentage  of  writeups  re- 
gardless of  the  length  of  the  flight.  However,  no  trend 
increasing  or  decreasing  was  observed  as  flight  length 
increased. 

4.  The  type  of  mission  flown  (mission  code)  is  not  a 
significant  factor  in  determining  the  number  of  maintenance 
writeups  on  the  C-5.  This  results  from  the  fact  that  most 
C-5  flights  are  cargo  hauling  missions. 
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VII.  OBSERVATIONS 


1.  A study  should  be  undertaken  to  relate  maintenance  write- 
ups to  actual  demands  on  the  wholesale  logistic  system.  No 
current  data  system  was  found  that  could  track  this  relation- 
ship. Hence,  a new  data  collection  system  would  have  to  be 
designed  specifically  for  this  purpose. 

2.  Forecasts  of  future  requirements  should  consider  "sorties" 
as  well  as  "flying  hours". 

3.  Further  study  should  be  made  regarding  the  impact  of  mis- 
sion code  on  logistics  requirements  for  other  aircraft  types. 
Because  of  the  singular  type  mission  (cargo  hauling)  flown  by 
the  C-5A,  a true  evaluation  of  mission  type  could  not  be 
accomplished  in  this  study.  However,  the  F-4  study  (See  Ref.  9) 
of  the  logistics  impact  of  changing  the  sortie  length  indicated 
that  a strong  relationship  exists  between  mission  type  and 
maintenance  support  requirements. 
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APPENDIX  2 


EXPLANATION  OF  WORK  UNIT  CODES  (WUC) 
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C-5A 


Ref:  TO  1C-C5A-06 


WUC  DESCRIPTION 

01  Ground  Handling,  Servicing  and  Related  Tasks 

02  Aircraft  Cleaning 

03  Scheduled  Inspections 

04  Special  Inspections 

05  Preservation,  Depreservation,  and  Storage 

06  Arming  and  Disarming 

07  Preparation  and  Maintenance  of  Records 

09  Shop  Supp)ort  General  Codes 

11  Airframe 

12  Cockpit  and  Fuselage  Compartments 

13  Landing  Gear 

14  Flight  Controls 

23  Turbo fan  Power  Plant  System 

24  Auxiliary  Power  Plant  System 

41  Air  Conditioning,  Pressurization,  and  Surface  Ice  Control 

42  Electrical  Power  Supply 

44  Lighting  System 

45  Hydraulic  and  Pneumatic  Power  Supply 

46  Fuel  System 

47  Oxygen  System 

49  Miscellaneous  Utilities 


[ 


51  Instruments 

52  Autopilot 

55  Malfunction  Detection  Analysia/Recording  System 

61  HP  Communications 

62  VHP  Communications 

63  UHP  Communications 

64  Interphone 

65  IPP 

66  Emergency  Communications 

71  Radio  Navigation 

72  Radar  Navigation 

91  Emergency  Equipment 

97  Explosive  Devices  and  Components 
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appendix  J 

MISSION  CODE  ANALYSIS 
NOVEMBER  1976 
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ASPIN-WELCH  TEST  (SEE  REF  10) 


;>Jovember  1976 


« Blank  Mission  Code 


=»  Ml  Mission  Code 


^ Total  of  All  Mission  Codes 


= 13.48  Maintenance  Write-ups  per  Sortie 


X-  = 9.13  Maintenance  Write-ups  per  Sortie 


X-^  = 12.40  Maintenance  Write-ups  per  Sortie 


,2 


= 57.48 


e •>  )*-  t:,.2 

^2“  = = i = 178.08  =- 


178.0 


= 17.808 


».  79  6 


5.  748 


= .2440 


5.748 

^3  =■  5.748  + 4.796 


.5451 


17.808 
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ASi>i::-WKi,cii  Tr:ST  (^’ont'd) 


Movember  1976 


1 

n 

^12 

(1-52)" 

.0595 

+ 

.5715 

.0701 

'^ll 

~ M,-l 

+ • 

2 
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^l3 

(1-C13)- 

. 2971 

+ 

. 20  69  _ 

.0560 

"12 

- N^-1 
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N3-1 

9 

1 

^2  3 

( ^^"'23^ 

.6206 
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.0450 

.0739 

n ^ 2 

M^-1 

N3-1 

9 

i 

'12 


13.48  - 9.13 
5.748  + 17. 808 


. 8963 


P = .3 


-13 


13. 48-12_j_40 ^ . 3326  ; P = .7 

5.748  + 4.796 


9.13  - 12.40 
17.808  + 4.796 


-.6875 


.5 


In  all  cases  tested,  we  conclude  that  the  samples  came 
from  the  same  universe;  that  is,  "blank"  mission  code 
and  "Ml"  mission  code  have  the  same  maintenance 
writeup  rate  per  sortie  as  the  universe  of  all  mission 


codes 


APPENDIX  4 

MISSION  CODE  ANALYSI 
DECEMBER  1976 
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'.CEMSEK  19  7 C 


ASPIN-WKLCH  TEST  (SEE  REF  10) 


December  1976 


» Blank  Mission  Code 


X2  = Ml  Mission  Code 


X^  = Total  of  All  Mission  Codes 


Xj^  = 13.2  3 Maintenance  Write-ups  per  Sortie 


X^  = 10.49  Maintenance  'Write-ups  per  Sortie 
X^  = 12.14  Maintenance  Write-up's  per  Sortie 


= 72.8! 


1 72.8 


- = 7. 23S 


(X2-X2)- 


:4,-l 


64.94 


■"2  _ 64.94  . , 

~ To 6.494 


(X3-X3) ^ 

“Vi~ 


= 38.63 


= 3.063 


7.285 


5.287 


= 7.285 

'13  1.285  + 3.863 


= .6534 


= 6.494 

'23  6.494  + 3.S63 


= .6270 
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A.spiN-v;]:i.cn  ri:s'r  (cont'd) 
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12 


1 


ri 


2.1 


t 


12 


Dccombor  1976 


-■y 

= ^^2 

. 2795 

+ 

'^2?1 

Mi-1 

H2-I 

9 

- .0550 

; = 

o 

(1-53)' 

. 4269 

+ 

•1201 

A’l-l 

M3-I 

9 

— .0  60  7 

' ''13  " 

•) 

^23 

. 39  31 

+ 

•^391 

N,-l  ' 

N3-I 

9 

= . 0 59 1 

' ”23  " 

13.23  - 

10.49 

7.285  + 

6.494 

■=  . 7385 

t 

P = . 4 

13.23  - 12.14 

7.285  + 3. 86  3 ^ - 3263  ; P = .7 


t 10.49  - 12.14 

6.494  + 3.363  ^ -5124  ; P = .6 

In  all  casor,  tested,  we  conclude  that  the  samples  came 
Irom  the  same  universe;  that  is,  "blank"  mission  code  and 
111  mission  code  have  the  same  maintenance  writeup  rate 
per  sortie  as  the  universe  of  all  mission  codes. 
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APPENDIX  5 


REGRESSION  ANALYSIS 


r 
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lU'.OUKSSIOM  ANALYSIS 


Hascvl  on  I'T'l  sorLios,  11271  riving  hours,  Auinst  - Pocombor  in7f>. 

Koqrcssion  fhjuatioti  is  in  t !u'  form; 

Y = N + AX^ 

Y = Nvnnber  of  naintonanco  writings 
7 = A constant 
A = c:ocf Cicicnt  of  variable 
= Xanl:)cr  of  flying  hours 
n = ('ocfficient  of  variable  V.^ 

X.,  - Number  of  sorties 

R“  = Coefficient  of  liotorniination 
n—  = ."’.taiKlarg  error  of  the  ost  imate 
L'CC  =»  Work  unit  code 

R' I'H  = Coefficient  of  determination  when  only  flying  hours  are  used 
as  a predictor  of  maintenance  writings 

H“S  = t'oefficient  of  determination  when  only  sorties  are  useil 
as  a preilictor  of  maintenance  writeups. 
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GROUP  1 DESCRIPTION 


